Summary. Localization of uterine arylamidase activity varied between species: arylamidase was found primarily in the apical aspect of uterine epithelial cells in the rabbit, hamster and non-pregnant rat; only moderate staining was observed in these animals in the endometrial stroma. By contrast, arylamidase localization was primarily stromal in the guinea-pig at all stages studied while the luminal epithelium was devoid of reactivity. In all species, uterine enzyme activity increased before implantation but decreased in the vicinity of the blastocyst once implantation had begun. A generalized increase over the entire length of the uterus was seen during the preimplantation phase in the uterine epithelium of the rabbit and in the endometrial stroma of the guinea-pig. Increase in stromal activity appeared to indicate predecidual transformations which were embryo-dependent (i.e. localized to the implantation site) in the rat, or embryo\x=req-\ independent (i.e. occurring throughout the uterus) in the guinea-pig. A subsequent decrease in enzyme activity occurred in the vicinity of the implanting embryo irrespective of the cell type involved (epithelium in the rabbit, stroma/decidua in the rat and gui nea\x=req-\ pig). Since arylamidases of the type studied here are integrated membrane proteins, the uniformity of changes observed in different species may reflect profound changes in membrane properties of endometrial cells as an element of the implantation reaction.
Introduction
Arylamidases are believed to be sensitive markers for endometrial preparation for blastocyst implantation in the rabbit. Arylamidase I is predominantly located at the apical surface of the luminal epithelium where blastocyst-uterine contact is initiated (Denker, 1977) . The presence of an implantation-stage blastocyst results in localized depletion of enzyme activity in the epithelium immediately subjacent to the blastocyst (van Hoorn & Denker, 1975) . Arylamidases are secreted into the uterine fluid; the time of peak release coincides with the mid-point of the preimplantation period and enzyme secretion is responsive to ovarian steroid hormone treatment (Denker, 1980) . Insertion of copper intrauterine devices results in localized depletion of epithelial arylamidase and inhibition of implantation (Denker, 1976) . The present study was undertaken to determine whether similar patterns of uterine arylamidase localization and blastocyst-induced changes occur in the rat, hamster and guinea-pig. Preliminary results have been reported (Mitchell & Denker, 1986 ).
light/12 h darkness; 23°C mean temperature; 50-60% humidity). Rabbits were housed singly; rats and hamsters were housed in clear plastic cages (4-6 animals); guinea-pigs were maintained in 4 4 m pens (8-12 animals) . All animals received a standard pellet diet and water was provided ad libitum. Guinea-pigs were provided with fresh vegetables.
Monitoring of reproductive cycles and breeding procedures. Reproductive cycles were monitored in rats by daily vaginal smears; in hamsters by periodic inspection for vaginal discharge and in guinea-pigs by inspection of the vaginal membrane for rupture and by vaginal lavage during pro-oestrus and oestrus. Pro-oestrous rats, hamsters and guinea-pigs were placed overnight with one or more males. (Psychoyos, 1960 (1962) , using the substrate l-leucine-4-methoxy-ß-naphthylamide and Fast blue as the diazonium salt (Denker & Stangl, 1976 (Glenner, 1962 
Results
Histochemical localization of uterine arylamidase in interblastocyst segments
The localization of arylamidase activity within the tissues comprising the uterus varied markedly between the species (Figs 1-9 ). In the rabbit, uterine arylamidase was localized primarily in the epithelial cells (Fig. 1 (Fig. 2) . Typically, the epithelium was uniformly stained without any interruption of reactivity along its length (Fig. 8 ). Only moderate arylamidase localization was observed in the stroma and larger blood vessels; no significant staining was observed in glandular epithelium or myometrium. Similarly, in the rat the most intense staining reaction was restricted to the apical surface of the luminal epithelium although the reaction was not as strong as in the hamster or Day 5 rabbit uterus (Fig. 3) The tissue elements comprising the uterus of the guinea-pig differed markedly in arylamidase reactivity. The longitudinal and circular layers of myometrium were both virtually free of signifi¬ cant arylamidase staining (Fig. 6 ). By contrast, vascular elements were very rich in arylamidase (Figs 5, 6) . At lower magnification, the dense and intricate network of the uterine vasculature was readily apparent (Fig. 9 ). An extensive vascular zone divided the luminal from the peri-myometrial endometrial stroma. The glandular epithelium was devoid of arylamidase activity except around the basal part of the cytoplasm where modest reactivity was evident (Fig. 5) . However, the immediately adjacent endometrial stroma including small blood vessels possessed strong reactivity. The intensity of staining in the endometrial stroma was quite marked but consistently less than that of blood vessels (Figs 4 & 5) . The stroma was typically uniformly stained and the boundary between the adluminal part of the endometrial stroma and the subjacent vascular plexus was easily discerned (Fig. 9) .
In contrast to the rabbit, rat and hamster, the luminal epithelium of the guinea-pig was virtually devoid of arylamidase reactivity (Fig. 4) . While the glandular epithelium possessed modest reactivity in the basal cytoplasm (Fig. 5) Implanting blastocysts induced marked alteration in the distribution of arylamidase in the uterus and the pattern of change differed between species (Figs 10-13). In the rabbit, epithelial arylamidase decreased much more quickly in the implantation chamber than in interblastocyst segments of the uterus. The strong apical reaction became depleted first at 6-6 days (160 h) p.c. at the luminal epithelium adjacent to the blastocyst, and later in the crypts. Differences between implantation chamber and interblastocyst epithelium became more obvious at 7 days p.c. and were very pronounced at 8 days p.c. (Fig. 10 ). There was a difference between the antimesometrial and mesometrial parts of the endometrium in so far as the apical reaction disappeared in the mesometrial region while it was still discernible (although decreased) antimesometrially, in the implantation chamber. The area of depletion increased with time as implantation advanced.
In the hamster, epithelial arylamidase staining was largely retained at the implantation site on Day 4, although there were always areas of the epithelium where the reaction was considerably weaker (Fig. 11) . Occasionally, trophoblast attachment appeared in the areas of arylamidase depletion. However, it was not possible to establish a relationship between trophoblast attachment and changes in enzyme localization because of the limited morphological detail provided by cryostat sections. The majority of stromal cells remained low in reactivity although there were scattered individual cells of unknown identity (possibly macrophages) which were strongly stained. Such cells seemed to be numerous at implantation sites but quantification was not attempted.
In the rat, staining remained strong in the epithelium between implantation sites. Changes in arylamidase distribution associated with implantation were complex in this species (Fig. 12) .
Arylamidase staining was clearly enhanced in the decidualized stroma situated peripherally to the implantation site. On the other hand, arylamidase content was depleted in the central region of decidualization close to the implanting blastocyst. By contrast, the non-decidualized stroma between sites remained unchanged, i.e. possessing only moderate intensity.
In the guinea-pig, arylamidase was markedly reduced in the stroma undergoing blastocystinduced decidualization (Fig. 13) . Depletion was almost complete at the implantation site at Day 7. Arylamidase reactivity in non-decidualized stroma between sites, in blood vessels and in the myometrium was not altered.
Arylamidase activity was not altered by the presence of Pontamine Blue dye. Enzyme activity of endometrial homogenates was 96-8, 96-9 and 99-5% for samples containing 2-5, 0-25 and 0025 pg dye/ml, respectively (saline controls equal 100%; mean values are for endometria obtained from 3 different animals). Therefore, it is assumed that the use of Pontamine Blue to render implantation sites visible had no effect on histochemical detection of arylamidase activity.
Discussion
The general distribution of histochemical arylamidase reactivity within the uterus differed between the species studied: arylamidase activity is localized primarily in the luminal epithelium in the rabbit, rat and hamster whereas enzyme activity is most abundant in the endometrial stroma in the guinea-pig. The rat takes a somewhat intermediate position in showing a marked activity at the luminal epithelium and in addition developing considerable activity in the peripheral part of decidualizing stroma. In the rabbit, uterine arylamidase activity is largely restricted to the apical aspect of epithelial cells during the peri-implantation phase (Denker, 1971; van Hoorn & Denker, 1975 ). Yet, relative to the hamster, a graduation of enzyme localization was apparent within the rabbit epithelium: activity ranged from being merely detectable in the deep parts of endometrial crypts to intense at the luminal surface. By contrast, reactivity in the hamster uterus was almost Fig. 1 . Rabbit endometrium, Day 5 p.c. Arylamidase activity is very high at the apical surface of the uterine epithelium except for the deepest parts of endometrial crypts (lower right).
Section freeze-substitution method, 150. Fig. 2 . The uterine luminal epithelium of a pregnant hamster (Day 5, a.m.) from a region between implantation sites. The intense localization of arylamidase along the apical surface of the epithelium is readily apparent; little reactivity is present in the non-decidualized endometrium. E = epithelium; S = stroma. Section freeze-substitution, 250. Fig. 3 . The uterine luminal epithelium in a region between implantation sites from a pregnant rat (Day 4, p.m.). The intensity of the apical localization varies along the length of the epithelium; undecidualized stroma possesses some moderate activity. E = epithelium; S = stroma; L = lumen. Native section, 260. Fig. 4 . The uterine luminal epithelium in a region distant from an implantation site from a pregnant guinea-pig (Day 7, p.m.). Vascular elements (upper left, lower right) are intensely stained, the stroma exhibits moderate and uniform staining, the luminal epithelium is devoid of reactivity. E = epithelium; S = stroma; G = gland; L = lumen. Native section, 65. exclusively found in the luminal epithelium; glandular epithelium showed almost no staining. Similarly, the appearance of relatively meagre overall arylamidase reactivity in the endometrial stroma of the rat was due, in part, to the heterogeneity of localization; some stromal cells were moderately reactive whereas other adjacent cells were essentially free of reaction product. In contrast, virtually all stromal elements in the guinea-pig endometrium were strongly stained.
Comparison of tissue sections from different species processed together indicates that the apical histochemical reaction while abundant in the rabbit, was even more intense in the hamster. Similarly, whereas the stromal reaction was merely moderate in the rat, it was exceedingly intense in the endometrial stroma of the guinea-pig. Such marked differences in reaction intensity may indicate actual quantitative differences in enzyme concentration between species. However, speciesdependent factors such as differences in kinetic constants, pH optima and activating ion requirements may contribute to the observed differences in apparent enzyme activity. In addition, the relative abundance of various arylamidases may contribute to the apparent differences in the intensity of histochemical staining observed between species (Vanha-Perttula & Hopsu, 1966; Denker & Stangl, 1976; Denker, 1980; Lampelo et ai, 1983a, b) . Regardless of differences in reaction intensity, characteristic patterns of uterine localization were consistently apparent in the four species examined. Therefore, the rabbit, rat and hamster appear to be similar to the mouse in exhibiting primarily epithelial localization (Bergström, 1972) whereas the guinea-pig possesses, like the human, a stromal localization (Filipe & Dawson, 1968) .
The effects of blastocyst implantation on the distribution of uterine arylamidase also differed in detail between species although certain consistent features could be recognized. As previously shown the implanting rabbit blastocyst depletes arylamidase activity in the subjacent epithelium and stroma (van Hoorn & Denker, 1975) . However, such a decrease in epithelial reaction was not a consistent feature in the implantation chamber of the hamster. The limited morphological detail provided by the cryostat sections suggests but does not allow us to determine that a very localized arylamidase depletion occurs from those uterine epithelial cells in contact with trophoblast. On the other hand, arylamidase activity was markedly depleted around implantation sites in the guinea-pig (stromal cells). Typically, reduction in enzyme activity was most intense near the centre of the area of decidualization and decreased progressively toward the periphery of the decidual cell reaction. The depletion of arylamidase was particularly evident in the guinea-pig; decidualized endometrial stroma was virtually devoid of reaction product and thus stood out in marked contrast to the densely stained endometrium between implantation sites. The boundary between decidualized and nondecidualized cells was relatively distinct and progressed outward as implantation advanced. In contrast to the guinea-pig, the blastocyst-induced decidualizing cell reaction in the rat demonstrated Fig. 7 (Fig. 3) , arylamidase activity is markedly enhanced in decidualizing stroma cells at the periphery of the site. It is, on the other hand, low in the central parts of the decidua (close to the invading trophoblast). D = decidualized stroma; ND = non-decidualized stroma. Native section, 70. Fig. 13 . Guinea-pig, overview of implantation site region, Day 7. Histochemical reactivity is much reduced in the endometrium undergoing blastocyst-induced decidualization. Endometrium adjacent to the region of decidual cell reaction remains strongly stained (cf. Fig. 9 ). D = decidualized stroma; ND = non-decidualized stroma; M = myometrium. Native section, 12.
enhanced arylamidase activity. The surrounding non-decidualized stroma exhibited the typical het¬ erogeneous distribution of moderately reactive cells. A similar enhancement of arylamidase activity at the implantation site also occurs in the mouse (Bergström, 1972) . In the rat it was obvious, however, that decidual cells in the immediate vicinity of the implanting blastocyst, i.e. in the centre of the implantation site, showed decreased activity before degenerating. This change may be similar to the observed decrease in enzyme activity at guinea-pig implantation sites.
The functional significance of the differences in arylamidase localization within the uterus of various species and the meaning of the blastocyst-induced alterations in enzyme distribution remain to be determined. The arylamidases are a broad group of aminopeptidase-type enzymes. The term arylamidase is used for those enzymes which show particularly high activity against arylamides, e.g. ß-naphthylamides (see van Hoorn & Denker, 1975; Denker & Stangl, 1976) . In non-purified material (e.g. tissue sections) most activity detected with leucine-ß-naphthylamide is due to the membrane-bound aminopeptidase M (EC 3.4.11.2) (McDonald & Schwabe, 1977) .
Several functions have been proposed for the arylamidases. Arylamidase activity may serve as an indicator of increased cell activity (Pearse & Tremblay, 1958; Talanti & Hopsu, 1961; Dey et ai, 1973) or tissue regression (Lobel et ai, 1961; Hopsu et ai, 1962; Gupta et ai, 1973) . With regard to specific functions in the female genital tract, changes in arylamidase activity associated with conversion of stromal cells into decidual cells suggest a role in cell proliferation (Gupta et ai, 1973) and enhanced secretion of arylamidase into the uterine fluid during early pregnancy in the rabbit (Denker, 1980) suggests a possible role in blastocyst 'nutrition' (Beier, 1970) , or the processing of proteins within the uterine lumen. Steroid hormone-dependent extrusion of arylamidases into the uterine fluid also occurs in the rat (Peplow, 1982) and in the pig and mare (Basha et ai, 1978; Zavy et ai, 1979 Zavy et ai, , 1984 .
The diversity of uterine arylamidase distribution between species, and the range of variation in blastocyst-evoked changes in localization of the enzyme suggest that uterine arylamidases serve quite diverse functions in different species. However, the dominant enzyme of this group detectable with the method employed, i.e. aminopeptidase M, is an integral membrane protein (McDonald & Schwabe, 1977 
